This article is focused on non-destructive detection method of residual stress and chemical properties of stainless steel. By X-ray diffractometry, there it is possible to determine accurately the values of residual stress and austenite percentage without any damage the sample without any change of its original function. Identification of residual stress and its distribution can improve the prediction of failures or damage incidences due to workload over lifetime of components. It can be also used as one of evaluation parameter of suitability of applied manufacturing technological operations.
INTRODUCTION
Residual stresses are an integral part of manufactured workpieces, whether they are introduced deliberately, as a part of the design, as a by-product of a process carried out during the manufacturing process, or are present as the product of the component's service history. Residual stresses are additive with the stresses existing in the workpieces as a result of service loads. [1, 4, 12] In practise, residual stress is stress which affects the entire volume of part or the majority of itself, i.e. macroscopic character. This includes the stress in infinitely thin or large area. It is important, that violation of compactness of part causes the change in macrogeometry. Methods of machining, casting, forming, etc. can cause these changes. For full classification, it should be noted that residual stresses are called sometimes as technological stresses, because they arise from the action of technological processes during the producing of parts. Direction of residual stress (tension or compression) depends on the kind of deformation.
[3smart] Permanent residual stresses have the largest share on the functionality of part, and they cannot be detected by conventional methods. [2] Obviously, to realize the benefits of understanding the residual stresses in parts and structures, tools are needed to measure them. Several techniques are available, with varying degrees of sophistication. Some of them are rather limited in their application, but one stands out as having widespread applications and being readily available.
X-ray diffraction is specific method that can measure residual stress quantitatively in crystalline and semicrystalline materials, which include virtually all metals and their alloys, and most ceramic materials. It is a nondestructive detection technology in many applications, and is widely accepted by the engineering community, being the subject of SAE and ASTM publications, which provide reliable sources of information on methods to ensure repeatability and reliability in the results of measurements. Because individual measurements are non-destructive, they can be replicated to demonstrate their statistical reliability [3, 5, 7, 9] .
This article is focused on determining of stress characteristics and structure properties of machined stainless steel designed for nuclear industry.
RESIDUAL STRESS
Stress conditions are ones of demonstrations of used machining technologies. After manufacturing process, they remain in parts and constructions and they operate continuously even without load. Their impact significantly affects the functionality of machined surfaces. [2] Figure 1. Scheme of triaxial stress acting on an elemental unit cube. [6] Normal stress is defined as the stress acting normal to the surface of a plane; the plane on which these stresses are acting is usually denoted by subscripts. For example consider the general case as shown in Figure 1 , where stresses acting normal to the faces of an elemental cube are identified by the subscripts that also identify the direction in which the stress acts, e.g. σx is the normal stress acting in the x direction. Since σx is a normal stress it must act on the plane perpendicular to the x direction. The convention used is that positive values of normal stress de-note tensile stress, and negative values denote a compressive stress. [6] A shear stress acts perpendicular to the plane on which the normal stress is acting. Two subscripts are used to define the shear stress, the first denotes the plane on which the shear-stress is acting and the second denotes the direction in which the shear stress is acting. Since a plane is most easily defined by its normal, the first subscript refers to this. For example, τzx is the shear stress on the plane perpendicular to the z-axis in the direction of the x-axis. Thesign convention for shear stress is shown in Figure 2 , which follows Timoshenko's notation. That is, a shear stress is positive if it points in 
PRINCIPLES OF MEASUREMENT OF RESIDUAL STRESS BY X-RAY DIFFRACTION
The residual stress determined using X-ray diffraction is the arithmetic average stress in a volume of material defined by the irradiated area, which may vary from square centimeters to square millimeters, and the depth of penetration of the X-ray beam. The linear absorption coefficient of the material for the radiation used governs the depth of penetration, which can vary considerably. However, in iron, nickel, and aluminium-based alloys, 50% of the radiation is diffracted from a layer approximately 0.005 mm deep for the radiations generally used for stress measurement. This shallow depth of penetration allows determination of macro and microscopic residual stresses as functions of depth, with depth resolution approximately 10 to 100 times that possible using other methods. Although in principle virtually any interplanar spacing may be used to measure strain in the crystal lattice, the availability of the wavelengths produced by commercial X-ray tubes limits the choice to a few possible planes. The choice of a diffraction peak selected for residual stress measurement impacts significantly on the precision of the method. The higher the diffraction angle, the greater the precision. Practical techniques generally require diffraction angles, 2θ, greater than 120° (Fig. 3) [4, 13, 14] . Figure 3 .Principles of X-ray diffraction stress measurement [5] Plane-stress elastic model X-ray diffraction stress measurement is confined to the surface of the sample. Electro-polishing is used to expose new surfaces for subsurface measurement. In the exposed surface layer, a condition of plane stress is assumed to exist. That is, a stress distribution described by principal stresses σ1 and σ2 exists in the plane of the surface, and no stress is assumed perpendicular to the surface, σ3 = 0.However, a strain component perpendicular to the surface ε3 exists as a result of the Poisson's ratio contractions caused by the two principal stresses (Fig. 4)[3,16,17] . [5] 4 EXPERIMENT CONDITIONS Experiment was performed on stainless steel 08CH18N10T. This steel is a typical 18Cr-10Ni austenitic stainless steel, equivalent to AISI 321 and X6CrNiTi18-10.Chemical compositions and basic material mechani-cal properties are shown in Tables 1  and 2 . Sample for the experiment was machined by turning technology on CNC turning centre. By the recommendation of manufacturer of cutting tools the following cutting parameters (Table 3) were set. The measuring of residual normal and shear stress and measuring of austenite percentage was performed with Proto XRD diffractometer (Fig. 5) , using WINXRD 2.0 software, on three points around the machined diameter of the sample surface.
Figure 5. X-ray diffraction residual stress measurement system (stationary: 1 -collimator; 2 -two detectors for diffraction cone; 3 -X-ray tube; 4 -Cobralink® flexible arm; 5 -positionable and rotary table; 6 -control unit; 7 -PC with software; 8 -laboratory stand
From the theory of elasticity the relationship between residual stress (σ) and strain (ε) on the sample surface under plane stress is given by the Bragg equation, λ =2d sin θ, relating incident X-ray wavelength (λ), lattice inter-planar spacing (d) and diffraction angle (θ) (Fig. 6) . The direction of maximum residual stress, that can be tensile or compressive, is assumed to occur in the cutting or grinding direction during most machining operations. But maximum stress often occurs at significant angles to the cutting direction. Furthermore, the residual stress distributions produced by many cutting operations, such as turning, may be highly eccentric, producing a highly tensile maximum stress and a highly compressive minimum stress.
Figure 6. Principle of measuring of residual stress by Xray diffractometry based on Brag's Law
The residual stress field at a point, assuming a condition of plane stress, can be described by the minimum and maximum normal principal residual stresses, the maximum shear stress, and the orientation of the maximum stress relative to some reference direction. The minimum stress is always perpendicular to the maximum. The maximum and minimum normal residual stresses, shown as σ1 and σ2 in Fig. 4 , and their orientation relative to a reference direction can be calculated along with the maximum shear stress using Mohr's circle for stress if the stress σφ is determined for three different values of φ.
Measuring procedure of identifying austenite percentage using X-ray diffraction was based on average peak method. This method uses four individual peaks to determine austenite amount. For each peak is calculated R-value and intensity.
EXPERIMENTAL RESULTS
With stress measuring procedure of material sample, it proceeded to metallographic analysis of machined surface to identify the structure of the sample surface and subsurface layers (Fig. 8 -9 ). Graphic output and values of measured stress and austenite percentage are shown in Fig. 6 -7 Due that machining brings stress to machined material, both normal stress and shear stress, it is necessary to be able to measure its value and orientation. X-ray diffractometry offers the opportunity to determine these properties of machined, or differently technologically treated material to predict deterioration of components. This measuring technology is non-destructive, so it can be used in wide area of applications.
Measurement on sample of machined austenitic steel determined normal stress values from +93,6MPa to +128MPa (Fig. 10) . That means the surface of the sample is under tensile stress and there is high probability of emerging primary micro-cracks in surface layers. Metallographic evaluation of the material samples confirmed existence of micro-cracks in surface layers (Fig. 11) . In this case, high values of shear stress supports the crack spread and can lead to secondary trans-crystal crack into subsurface layers of the material (Fig. 12) . Spread of micro-cracks is accelerated also by presence of working load of component and chemical influence of work environment (pitting corrosion).
Figure 12. Surface detection and microstructure of the crack spread across base material -SEM microscopy
Measured values of austenite percentage in surface layer (Fig. 13 ) ranged from 95,12% to 96,49% what means that the surface layers of material consist small amount of another phases in addition to austenite.
Figure 13. Measured values of austenite percentage
The experiment proved that X-ray diffraction can be essential non-destructive method for identifying properties of used material treatment and predicting potential component deterioration. Results of the experiment identified that chosen cutting parameters are unsuitable for machining stainless steel 08CH18N10T and is necessary to continue in technological research to bring comprehensive stress into the material and to lower the shear stress.
